D-R121 822  TEXT-BRSED DECISIONS CHANGES IN THE RVMLRBILITV OF
FA . (U) COLORADO UNIV AT BOULDER INST
OF D LL ROSA ET AL. AUG 82

UNCLASSIFIED -TR-115- 33 F/G 5/18




e ey

T 1.5.?-1
dad A=l ¥
KEEE o B
m_u“._h.u_u._ MHIE m

ol 31

——

e~y yvm—~ oy -




v T T T

g | NsTITUTE OF

3 C oGNITIVE
- CIENCE
L S

T

Technical Report No. 115-ONR
Institute of Cognitive Science

University of Colorado
Boutder, Colorado 80309

August 1982

. Whnhwhobwlnmnb
mamumum

Text-Based Decisions: Changes in the Availability of Facts
Due to Instructions and the Passage of Time

and R TR SR

Lyle E. Bourne, Jr. | R

m‘mu X . "': » S
University of Colorado '

This research was sponsored by
the Personnel and Training
Research Programs: Psychological
Science Division, Office of

Naval Research, under contract
No. NO0014-78-C-0433, Contract
Authority ldentification Number
NR 157-422

Approved for public release; distribution unlimited. . )

P |

A

A heaaaed dds

i A

il




————

T

SECURITY CLASSIFICATION OF THIS PAGE (When Data Fntered)

REPORT DOCUMENTATION PAGE

READ INSTRUCTIONS
BEFORE COMPLETING FORM

1. REPORT NUMBER
115-ONR

2, GOVY ACCESSION NO.

dp 4/')—@ I L—

3. RECIPIENT’S CATALOG NUMBER

Time

8. TITLE (and Subtitle)

Text-Based Decisions:
of Facts Due to Instructions and the Passage of

Changes in the Availability

S. TYPE OF REPORT & PERIOD COVERED
Techlinical Report

6. PERFORMING ORG. REPORT N M'EER
ICS Tech Rept. 115. 7 ./«

7. AUTHORC(S)

Denise Dellarosa and Lyle E. Bourme, Jr.

8. CONTRACT OR GRANT NUMBER(s)

NO0O14-78-C-0433

9. PERFORMING ORGANIZATION NAME AND ADDRESS
Institute of Cognitive Science

University of Colorado - Campus Box 345
Boulder, CO 80309

10. PROGRAM ELEMENT, PROJECT, TASK
AREA & WORK UNIT NUMBERS

NR157-422

11. CONTROLLING OFFICE NAME AND ADDRESS
Personnel and Training Research Programs

12. REPORT DATE
August, 1982

Office of Naval Research (Code 458)
Arlington, VA 22217

13. NUMBER OF PAGES
34

14. MONITORING AGENCY NAME & ADDRESS(I{ ditferent from Controlling Oflice)

15. SECURITY CLASS. (of this report)

Unclassified

15a. DECL ASSIFICATION/ DOWNGRADING
SCHEDULE

16. DISTRIBUTION STATEMENT (of this Report)

Approved for public release; distribution unlimited.

17. DISTRIBUTION STATEMENT (of the abetract entered in Block 20, if different (rom Report)

18. SUPPLEMENTARY NOTES

19. KEY WORDS (Coantinue on reverse side il necessary and identify by block numbet)

Reading, comprehension, memory, decision

decisions ubout them.

.20. ABSTRACT (Continue on roverse side Il necessery and identily by block number)
A study was conducted to examine the relationship between availability of
information in memory and decisional accuracy.
three texts while engaging in a pre-determined schema building task, and to makd
Relative availability of information was manipulated by
repeating cert~in information within the texts, by requiring decisions to be

made either immediately after reading the texts or 24 hours later, and by giving
Bubjects either incidental or intentional learning instructions.

Subjects were required to read

The results -

FORM
r3.,%

JAN 73 ]473

EOITION OF | NOV 65 1S OBSOLETE

SECURITY CLASSIFICATION OF THIS PAGE (When Date Entered)

‘e

o,




' SECURITY CLASSIFICATION OF THIS PAGE(When Data Entered)

. were threefold. First, once decisional processing was equated through
the use of a schema-building task, instructions were found to have
little effect on decision accuracy. Second, subjects' decisional
performance was found to be a reflection of memory biases. Finally,
subjects tended to better remember statements they believed to be
important and to make decisions consistent with those statements. This
effect was substantially magnified if subjectively important statements
were repeated, thereby further enhancing their availability in memory. <

‘e

PP S



TErYw

ABSTRACT

A study was conducted .0 examine the relationship between availability of
information in memory and decisional accuracy. Subjects were required to read
three texts while engaging in a pre-determined schema-building task. and to make
decisions about them. Relative availability of information was manipulated by
repeating certain information within the texts, by requiring decisions to be
made either immediately after reading the texts or 24 hours later, and by giving
subjects either incidental or intentional learning instructions. The results
were threefold. First, once decisional processing was equated through the use
of a schema-building task, in§tructions were found to have little effect on
decision accuracy. Second, subjects' decisional performance was found to be a
reflection of memory biases. Finally, subjects tended to better remember
statements they believed to be important and to make decisions consistent with
those statements. This effect was substantially magnified if subjectively
important statements were repeated, thereby further enhancing their availability

in memory.

PO SRy



w‘\wu“ i

Lt ™~

T YT YTy s 3

LA Ay

Text-Based Decisions: Changes in the Availability of

Facts Due to Instructions and the Passage of Time

One of the most important tasks encountered by an individual is that of
decision-making. Regardless of the complexity of the decisions to be made, it
is often necessary to rely, at least partly, on one's memory for relevant
information in making decisions. Since memories often serve as data upon which
decisional processing proceeds, it follows that decision can only be as accurate
as the memory data upon which they are based, or conversely, that inaccurate
memories should result in inaccurate decisions. Despite this fact, few models
(e.g., Fox, 1980) of human decision-making have included memory parameters to
constrain decisional processing. Recognizing this short-coming, we (Antos,
Bourne, and Kintsch, Note 1) endeavored to explore the role of memory and
schemata in decision-making under naturalistic conditions.

We proposed that decision-making could be characterized in part by two
important processes: (1) schema building and use, and (2) reliance on the
availability heuristic, as defined by Tversky and Kahneman (1973). These two
processes were thought to interact as follows: Subjects approach the decisional
task with a general knowledge schema that consists of a set of empty slots and
an operative set of procedures for filling these slots. (We assume here that
decision-relevant information is to be gleaned from a text.) The slots
correspond to predefined categories of information. Empty slots acts as
requests for information during reading. In this way, a problem-specific schema
is constructed containing all the information that can be abstracted and fit
into the general control schema. Decisions are then generated on the basis of
information retained in the problem-specific schema and available at the time
(usually .ater) the decision is made. It is at this time that the second of the

propcsed characteristics, the availability heuristic, becomes operative.
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Certain information may be more readily available in memory than other
information, and as a result will be given a disproportionate amount of weight
in producing a decision.

Using this model, several predictions can be made about the accuracy of
decisions. First, since it is assumed that decisions will be heavily influenced
by the relative availability of information in memory, it follows that text
manipulations which enhance the memorability of certain types of information
over others should yield decisions that are consistent with the so-enhanced
information. We presented data which showed precisely that: Subjects were
found to make far fewer correct decisions about texts they had read if
information that was inconsistent with a correct decision was made more
memorable in those texts. Second, since memories serve as input to the decision
process, and memories fade over time, a decision made after a passage of time
should differ quite significantly from what it would have been if made
immediately after encountering decision-relevant information. More
specifically, the effects of memory manipulations should become more pronounced
following a passage of time. Finally, since we assume that under normal
conditions, subjects use a schema-based procedure in making decisions, it should
make little difference whether they know thay are to make a decision or not as
long as they are induced to use a schema-based procedure while evaluating
decision-relevant information. In other words, as long as decisional processing
is held constant, the intention to make a decision should contribute little to
decision accuracy.

The present experiment addresses the latter two predictions. Subjects were
induced to use a schema-based procedure to evaluate information contained in
texts. VF.1f of the subjects knew they were to make decisions about the texts
while the otncr half did not. Half of each of these instruction groups were

required to make their decisions immediately after reading the texts, while the
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remaining halves made their decisions 24 hours later. The texts contained a
majority of either positive or negative information, and subjects were told to
make decisions that were consistent with the valence of the majority of
information. The minority information (which was opposite in valence to the
‘majority) was, however, repeated, thereby making it more memorable. It was
predicted that (1) more incorrect decisions would be made following a 24 hour
delay than no delay, (2) no difference in decision accuracy would be noted
between the intentional and incidental learning groups, and (3) differential
decisional accuracy would be a reflection of differential memory for repeated

and non-repeated information.

METHOD

Subjects. Eighty-six subjects were randomly chosen from Introductory
Psychology classes at the University of Colorado-Boulder for participation in
the study.

Materials. Sentences were constructed that contained positive or negative
information pertaining to one of several fact categories for one of three
content areas: Stock market, medical diagnosis, and criminal trial. A total of
twenty-eight statements, representing seven fact categories (Sales, Earnings, 1

Dividends, Capitalization, General Factors, Growth, and Stock Activity) made up

the stock market material. Some of the statements used in the present study

1 were adapted from earlier experiments (Kozminsky, Bourne & Kintsch, 1981). Four

ey

3 statements were selected for each category. Each statement was either a

positive or negative statement. The statements provided information about the

T N S B ST

L
. worth of stock in a fictitious company.
-

Stock market texts were created in the following manner. For each subject

a differcit random ordering of fact categories was generated. Three fact

catecories vere selected to represent the minority fact set. For "buy" texts -

bbbl

the minority fact set contained negative or "not buy" statements. For "not buy"
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text "buy" statements were used for the minority fact set and “not buy" for the
majority set. The three minority set categories were selected randomly with the
constraint that across subjects all fact categories had an approximately equal
representation in the minority set. Statements in the minority fact set were
repeated using different phraseology throughout the text.

For medical diagnosis, there were eleven fact categories (symptoms):
Vomiting, Fever/Chills, Tonsillitis, Numbness, Abdominal Cramps, Headache,
Cough/Cold, Muscular Ache, Diarrhea, Shortness of Breath, and Fatigue/Insomnia.
Twenty-two basic statements, one positive and one negative, were constructed for
each of the eleven fact categories. Positive statements indicated presence of
the symptom, negative statement indicated absence of the symptom. These basic
statements were made by a fictitious doctor (Doctor 1) about a fictitious
patient to another conferring doctor (Doctor 2). A second set of twenty-two
statements was generated and represented the same kind of information in the
basic set except that they were brief dialogues between doctors, initiated by
Doctor 2 asking for clarification of earlier statements made by Doctor 1. The
clarifications served as repetitions of the minority fact categories.

Individual texts were prepared for each subject in the same way as
described for the stock market texts. However, the minority fact set for the
medical texts contained five fact categories instead of three and the majority
fact set contained the remaining six.

The third content area, Criminal Trial, contained brief testimony that fell
into one of the seven following fact categories: Eyewitness Identification,
Possession of Stolen Property, Motive, Prior Criminal Convictions, Association
with Criminals, Knowledge of the Crime, and Alibi. Fourteen basic testimonies
were conccructed, a positive and negative one for each of the above seven fact
catecories. otatements labeled positive made the accused look guilty, and

negative testimony made him look innocent. Fourteen extra testimonies were
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devised that represented corroborative testimony on the fourteen basic
testimonies, the corroborative testimonies serving as fact repetitions. Texts
for each subject were prepared as explained for the stock market and medical
text.

In all of the content areas, texts were presented in much the same fashion.
Booklets were constructed such that a statement about one fact category together
with a randomized 1isting of words or labels denoting all possible fact
categories appeared on each page. A1l statements were written so that subjects
could easily identify the fact category represented.

Procedure. Subjects in all conditions read first a stock market text, then
a medical text and finally a criminal text. A majority of statements within
each text supported either a positive (Buy, Hospitalize, or Guilty) decision, or
a negative (Don't Buy, Don't hospitalize, Not guilty) decision. Order and
number of positive decisions was counterbalanced across subjects. A1l subjects
engaged in a categorization and evaluation task while reading the texts. They
were asked to (1) read each text, one statement at a time, (2) circle the label
below each statement that represented the fact category described in the
statement, and (3) place a number next to the circled fact category label (an
integer one through six) which represented how positive (or negative) they felt
the statemeﬁt was with respect to the worth of the stock, sickness of the
patient or the guilt of the accused. The integers one through three were
considered to be negative, and four through six positive.

Subjects were run in groups of approximately 20, one group for each of the
four Instruction X Delay conditions. Subjects in the intentional learning
groups were told that they would be asked to make a decision about each text,
and the riture of the decision (Buy, Don't Buy etc.) was explained to them.

Subjects in tne incidental learning groups were simply told that the researcher
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was gathering normative data on the texts in order to use them in subsequent

studies.

|0

‘e

Following completion of the categorization task for all three texts,
subjects were required to make decisions about the texts, and their retention of
the texts was measured using free recall, cued recall and recognition tes*s.

‘! A1l subjects underwent the same testing procedure, but the time at which the o
‘ tests were given differed. Subjects in the No-Delay condition were tested

immediately following completion of the categorization tasks; subjects in the

Delay condition were tested 24 hours later.

The testing procedure was as follows: Subjects were given three test
booklets, one for each text. Beginning with the stock text, subjects were asked

to decide whether or not to buy the stock of the company in question, and to

write down their decisions on the first page of the booklet. They were told

that some of the faéts regarding each decision had been repeated and that they

were to disregard those repetitions. Each decision was to be based on the
valence of the majority of the facts in the text. After making their decisions,
subjects were asked to turn to a blank page and to write down as many of the
[

statements as they could remember from the text. They were given approximately
10 minutes to complete their recall. The next page they encountered listed the
fact category labels, and using these as cues, they indicated the valence of the
statement that pertained to each category. A forced-choice recognition test
followed, which consisted of both the positive and negative passages for each
category presented in blocks of two. Subjects indicated which statement was the
one originally presented to them by putting a confidence rating (from 1 to 6)
next to their choice. Presentation order of the positive and negative
statemen*; were counterbalanced in the test. Targets and foils were very
similar witii the exception of a few words which changed the valence of the

statement. Some examples are presented in Appendix A.
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Following the recognition test, subjects were again presented with the fact
categories and were asked to rate (on a scale of 1 to 6) the importance of each
category to their decision. Finally, subjects were asked to write down their
personal decision about the text and to indicate how and why they decided as
they did, particularly if their personal decision differed from the one they
made using the majority rule. This procedure was then repeated for the
remaining two texts.

RESULTS

Unless otherwise specified, rejection probability was .05 for all
statistical tests.

Decisions. The percentage of correct decisions (which the texts were
biased against) within each instructional and delay group is presented in Table
1. Consistent with our expectations, instructions appeared to have had
virtually no effect on decision performance. We tentatively conclude from these
results that once decisional processing is equated, the intention to make a
decision contributes very little to decision accuracy. Moreover, subjects
tended to make fewer correct decisions following a delay than they did
immediately after reading the texts, although this difference is statistically
marginal (1)=3.13, .10 > p > .05.

Free Recall. Recall protocols were scored in terms of valences of
categories recalled. More specifically, reproduction of a previously presented
statement was scored as a correct recall if both the subject matter (e.q.,
sales) and the valence (e.g., increased/decreased) were correctly reproduced.

If an error occurred in either, the entire reproduction was scored as an
intrusion error. Therefore, maximum correct recall was the number of categories
presentec in each text. For the stock, medical, and criminal texts, the
maximums were seven, eleven, and seven, respectively. The mean proportion of

statements correctly recalled are presented in Table 2.
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Analysis of variance on these data included five variables: instructions
(Intentional or Incidental), delay (Immediate or Delayed Testing), decision
(Correct or Incorrect), text (Stock Market, Medical Diagnosis, or Criminal
Trial), and frequency (Once- and Twice-presented Statements), with repeated
measures on the last variable.

Not surprisingly, subjects recalled more twice-presented than
once-presented statements, F(1,234)=53.41, MSe=.05, p < .001, and more
immediately after reading the texts than after a 24 hour delay, F(1,234)=7.11,
MSe=.06, p < .01. These variables did not, however, interact with decision
accuracy; regardless of decision made, subjects tended to recall more twice-
than once-presented statements, and the magnitude of this preference did not
change significantly over time. (The ts-.t variable interacted with some of the
other variables, but analyses of these interactions did not appreciably change
the interpretation of the overall results, and are not reported here.)

Cued Recall. These protocols were scored in terms of the correctness of
the valence recalled for each category, that is, given a category name, the
subject had to produce the correct valence of the statement associated with that
category. Like free recall, then, maximum scores for the stock, medical and
criminal texts were seven, eleven, and seven, respectively. The proportion of
statement valences correctly recalled is presented in Table 3. Analysis of
variance on these proportions included the same variables as the previously
described analysis of the free recall data.

The results of the analyses on these data provided evidence of differential
memory among correct and incorrect deciders. Correct deciders correctly
recalled more valences of once-presented statements than twice-presented ones,
while thr opposite was true of incorrect deciders, F(s)(1,234)=8.37 and 13.06,
respectively, MSe=.02, p(s) < .0l. Correct deciders also tended to recall more

valences under intentional learning conditions than incidental, while recall of
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incorrect deciders benefitted more from incidental instructions,
F(s)(1,234)=6.27 and 5.59, respectively, MSe=.05, p(s) <.0l. Finally, all
subjects performed less well after a delay, F(1,234)=11.85, MSe=.05, p < 0O1.

Recognition. The mean proportions of items correctly recognized on the
forced-choice recognition test are presented in Table 4. The results of the
analysis of variance included several significant effects, all of which were
modified by a significant five-way Text X Decision X Instruction X Delay X
Frequency interaction, F(2,234)=4.88, MSe=.02, p < .05. Simple effects tests
indicated recognition memory differences among incorrect deciders on the stock
text only. These subjects recognized more twice-presented than once-presented
statements under incidental conditions only, and only after a delay,
F(1,468)=24.33, MSe=.038, p < .001. Correct deciders’' recognition memories were
not significantly affected by any of the manipulations.

Personal Decisions and Importance Ratings. Subjects made two decisions

concerning the texts: a rule-based decision and a personal decision. Subjects
were first divided into two groups based on the accuracy of their rule-based
decisions (Correct vs. Incorrect), and then these groups were further divided
into subjects whose personal decisions matched their rule-based decisions (Same)
and those whose personal decisions differed from their rule-based decisions
(Different). The mean importance ratings given to once- and twice-presented
statements by each of these four groups is presented in Table 5. Memory
protocols for each subject in each of the four groups were divided into those
statements given high importance ratings (4-6) and those given low ratings
(1-3). The mean proportion of the statements correctly recalled (free and cued)
and recognized is presented in Table 6. Subjects exhibited the same trends in
all three retention measures, with only absolute magnitude of retention

differing across the three measures.
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The pattern of results exhibited in Tables 5, 6, and 7 seem to indicate
that a statement's availability (and hence its impact on decision-making) was
affected by both its frequency of occurrence and the subject's perception of its
importance. The data presented in Table 6, for example, shows that subjects
tended to recall more high- than low-importance statements after a 24 hour
delay, regardless of decision accuracy or instruction conditions. An equivalent
amount of both types of information was retained in the immediate condition.
Table 7 presents the same data but from a different viewpoint. Whereas Table 6
presented the proportions of statements retained of those rated as high and low
in importance, Table 7 shows the proportion of statements correctly retained
that were rated high and low in importance. In other words, Table 7 shows what
proportion of the contents of memory were high-importance statements and what
proportion were low-importance. As is apparent, far more of the statements in
subjects' memories were high-importance statements. A finer grained analysis of
the data is presented in Table 7, where the relationship between availability
and decisional accuracy is more clearly demonstrated. For example, subjects who
made both incorrect rule-based and incorrect personal decisions tended to
remember more twice- than once-presented statements, and to rate twice-presented
statements as more important than once-presented. Thus, these subjects were
doubly prone to the influences of memory, having certain statements highly
available both because they were repeated and subjectively highly important. On
the other hand, subjects who made an incorrect rule-based decision but a correct
(different) personal decision tended to remember more twice- than once-presented
statements, but believed the once-presented statements to be more important.
Therefore, these subjects, dutifully followed directions in making their
rule-base i1 decisions (having more minority items in memory), but made a personal
decicion thut was consistent with the valence of the statements they believed to

be more important. Following in the same vein, subjects who made both correct
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rule-based and personal decisions remembered more once-presented than twice
presented statements, and believed once-presented statements to be more
important than twice-presented. These subjects, therefore, made decisions that
were both consistent with the valence of statements they believed to be
important and more numerous in memory. The final group presents a paradox.
These subjects made a correct rule-based decision but an incorrect personal
decision. They tended to remember more twice-presented statements, and to give
these statements higher importance ratings than once-presented statements.
Thus, twice-presented statements should have been more highly available on both
counts; therefore, it is unclear why these subjects made a correct rule-based
decision at all.

DISCUSSION

The results of this study substantially supported our hypotheses. First,
once decisional processing was equated through the use of a schema-building
task, instructions were shown to have little effect on decision accuracy.
Second, subjects' decisional performance was found to be a reflection of memory
biases. More importantly, the pattern of results exhibited in this study seem
to indicate that a statement's availability (and hence its impact on decision
accuracy) was affected by both its frequency of occurrence and the subject's
perception of its importance. Subjects tended to better remember statements
they believed to be important and made decisions consistent with those
statements. This effect was substantially magnified if subjectively important
statements were repeated, thereby rendering them all the more memorable.

The effect of differential importance on memory was not entirely
unexpected. Several researchers (e.g., Caccamise & Kintsch, 1978; Johnson,
1978) havs reported better memory for statements objectively rated as important
to the larger prose passage in which the statements were contained than those

rated as less important. Moreover, Caccamise and Kintsch employed both an
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= immediate and delayed recognition test of memory for both types of information

f and noted significant differences only after a delay, a trend also exhibited in
n-( our data.
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Percent Correct Decisions Made

Text
Stock
No Delay
Delay
Medical
No Delay
Delay
Criminal
No Delay
Delay

Note: (a) n=23
(b) n=20
(c) n=21
(d) n=22

Table 1

Instruction Type

Intentional

56.5 (a)
50.0 (b)

50.0 (a)
25.0 (b)

45.0 (a)
39.1 (b)

Incidental

57.1
40.9 (d)

42.8 (c)
46.4 (d)

52.4 {(c)
31.8 (d)
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Table 2

Mean Proportion of Statements Correctly Recalled

Decision Accuracy

Correct Incorrect
Repetition Frequency Once Twice Once Twice
Instructions
Intentional
No Delay .531 .703 (32) .534 .659 (37)
Delay .469 .668 (24) .543 .691 (36)
Incidental
No Delay .603 .699 (29) .589 .691 (34)
Delay .462 .594 (27) .473 .643 (39)

Note: Numbers in parentheses indicate the number of subjects in each

group.
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Table 3

Mean Proportion of Statement Valences Correctly Recalled When Cued

Decision Accuracy

Correct Incorrect
Repetition Frequency Once Twice Once Twice
Instructions
Intentional
No Delay .888 .814 (32) .743 .898 (37)
Delay .838 .690 (24) .637 .813 (36)
Incidental
No Delay .864 .816 (29) .796 .974 (34)
Delay .727 .622 (27) .715 .821 (39)

Note: Numbers in parentheses indicate number of subjects in each group.
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Table 4
Mean Proportion of Statements Correctly Recognized
o
Decision Accuracy
Correct Incorrect
Repetition Frequency Once Twice Once Twice ¢
Instructions
Intentional ®
No Delay .900 .914 (32) .839 .914 (37)
Delay .878 .873 (24) .785 .865 (36) -
Incidental .
No Delay .928 .923 (29) .904 .956 (34) ‘o
.
Delay .785  .802 (27) 784 .940 (39) ]
N )
. 3
_ Note: Numbers in parentheses indicate the number of subjects in P
(' each group. z; |
;»‘ -'.'" :
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Table 5

Importance Ratings of Once- and Twice-presented Statements

Decision Type

Rule Personal

Correct Same
Different

Incorrect Same

Different

Once

3.74
3.59
4.26
4.63

Frequency

Twice

3.25
4.28
5.62
4.11
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Proportion Correct Retention

Importance
Correct
Intentional
Incidental
Incorrect
Intentional
Incidental
Correct
Intentional
Incidental
Incorrect
Intentional

Incidental

Table 6

of High vs. Low Importance Statements

Immediate
High Low High
Free Recall
.587 .543 .585
767 .580 .557
.549 .523 .655
.599 .623 .583
Recognition
.907 .941 .936
.922 .946 .811
.948 .901 .867
.918 .953 .881

Low

.543
.458

.525
.485

.753
.756

.769
. 907

Page 20
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Table 7

Proportion Correct Retention of High vs. Low Importance

Repeated vs. Non-repeated Statements

Importance

Decision Type

Rule Personal

Correct Same
Different

Incorrect Same

Different

Correct Same
Different

Incorrect Same

Different.

Correct Same
Different
Incorrect Same

Different

Frequency
Once Twice

Low High Low High

Free Recall

.080 .440 .203 .273
.163 .313 .120 .407
.173 .330 .083 .413
.100 .393 .193 .313

Cued Recall

.110 .483 .293 .217
.240 .353 .097 .313
.210 .303 .077 .413
.117 .407 .193 .283
Recognition
.397 .623 .477 .500
467 .507 417 .607
.483 .543 .393 .583
.407 .590 473 .530
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Navy

Dr. Ed Aiken
Navy Personnel RAD Center
San Diego, CA 92152

Meryl S. Baker
NPRDC

Code PR0Q

San Diego, CA G21K2

Dr. Robert Blanchard

Navy Personnel RAD Center
Marnzgment Support Departmert
San Diego, CA 92151

Dr. Robert Breaux
Code N-T711
NAVTRAEQUIPCEN
Orlando, FL 2217

CDR Mike Curran

Office of Navel Research
800 N, Cuincy St.

Code 270

Arlington, VA 22217

DR. PAT FEDERICN
NAVY PERSONNEL RAD CENTER
SAN DIEGC, CA 92152

Dr. John Ford
Navy Personnel RAD Center
San Diego, CA G21852

LT Steven D. Harris, MRC, USN
Code A021

Maval Air Development Center
Warminster, Pennsylvania 1897U

Dr. Jim Hollan

Code 304

Navy Personnel R & D Center
S2an Diego, CA 92162

CDR Charles W. Hutchins
Naval Air Systems Command Hq
ATR=34NF

Navy Department

Washington, DC 20361

Navy

Dr. Norman J. Kerr

Chief of MNavsl Technical Trziring
Naval Air Station Memphis (75)
Millington, TN 2F0ORL

Tr. Villiam L, Maloy

Principsl Civilian Advisor for
Educetion and Training

Nrval Training Commnnd, Code OTA

Pensacola, FLL 22Rn?

CAPT Rickard L. Martin, USN

Prospactive Commesnding Officer

UIS? Car) Vinson (CVN-70)

Mewport MNews Shipbuilding and Drydoc!: Co
Newport News, VA D22FN7

Dr Willinm Montague
Navy Personnel RED Center
San Diego, CA 02152

Ted M, T, Yellen

Tcchnical Informaticn Office, Code 2M
NAVY PERSONNEL R&D CENTER

SAN DIEGN, CA G215

Library, Code P201L
tavy Personnel R’D Center
San Nicgo, CA Q2152

Technical Director
Navy Personnel RAD Center
fan Diego, CA 02112

Commanding Officer

Navel Reserrch Lsboratory
Code 2027

Washington, DC 2n20n

Psychologist

ONE Branch 0Office
Bldg 114, SRection N
665 Summer Street
Roston, M4 02210

Office of Naval Resrarch
Code 437

Qon M, Quinecy SStre~t
Arlington, VA 22217
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; Navy Navy
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H 5 Personnel & Training Research Programs Dr. M fred F, Fmode

(Code U458) Treining Anczlysis & Fvaluation Group
Office of Naval Research (TAEG)
Arlington, VA 22217 Dept, of the Navy
orlando, FL 22817
1 Psychologist
ONR Branch Office 1 Dr. Richard Sforensen
‘ 1020 East Green Street Mavy Personnel RAD Center
- Pasadena, CA 911 San Dicgo, CA Q2150
1 Special Asst, for Educstion :nd 1 Roger Weissinper~Faylon
Training (OP-N1E) Department. of Administrative Sciences
“ Fm. 2705 Arlington Annex Naval Postgradunte Schoo!
E Washington, DC 20370 Monterey, CA Q3940
L

1 Office of the Chief of Naval Operations ! Dr. Robert Wjishor

Research Development % Studies Branch Code 206

- (OP-115) Navy Personnel RAD Centor
Washington, DC 20350 Szn Niego, CA Q2152

S| LT Frank C. Petho, MSC, USN (Ph,D) 1 Mr John H, Volfe

{ Selection and Training Research Divigion Code P210

{ Human Performence Sciences Dept, U. S. Navy Personnrl Research and
Naval Aerospace Medical Research Labornt Devrlopment Center
Pensacola, FL 23250°F S7n Diepo, CA 021F2

1 Dr. Gary Poock
Operations Research Department
Code S5PK
Naval Postgraduate School
Monterey, CA 02040

1 Dr, Pernard Rimlond (03B)
Navy Personnel RAD Center
San Diego, CA 92152

1 Dr. Worth Scanland, Director
Research, Development, Test & Fviluation
N-5
Maval Educstion and Training Command
NAS, Pensacola, FL 32508

1 Dr. Robert G. Smith
Office of Chief of Naval Operations
OP-987H
Washington, DC ~0°80
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Army

Technical Director

U. &, Army PResenrch Tnstitute for the
Behavioral and focial Sciences

5001 Fisenhkower Avenu=

Alexandria, VA 27°72°

Mr. James PRaker

Systems Manning Techniczl Area
Army Research Institute

50C1 Eisenhower Ave.
Alexandria, VA 227237

Dr. Rectrice J. Farr

U. . Army Resenrch Institut=
5C01 Eisenhowrr Avenue
Alexandria, VA 70232

DR, FRAFYX J. HARRTS

U.S. ARMY RESEARCH TMSTTYTUTE
HNN1 ETISENHNWFY AVEMUE
ALEXANDRIA, VA 22233%

Dr. Mi~tae! Kaplon

U.S., ARMY RESEARCH TMSTYTUTE
6001 EISENHNYFR AVENUE
ALEXANDRTA, VA 27727

Dr. Milton S, ¥atz

Trzining Technicnl Arcn

U.5. Army Research Institute
5001 Eisenhower Avenue
Alexandria, VA 22717

Dr. Parold F. C'Neil, Jr,
Atin: PERT-NK

Army Research Tnstitute
5001 Eisenhow~r Avenue
Alexandria, VA 22327

Dr. Robert Sncsmor

U. 8. Army Research Tnstitute for the
Prhavioral ond Social Sciences

5001 Eisenhower Avenun

Alexandria, VA 22377

Dr. Joseph Vard

U.5. Army Reser ch "nstitute
5701 Eisenhower Avenu~
Alexandria, VA D077

N

FI!I'IIl--lIlll-l!Il-ll'III-I------------—-p, " >

tir Forae

U.S. Air Force Offiece of Seientific
Research

Life Sciences Dirrcteorate, ML

Polling 2ir Force Tisn

Washington, NC >n277

Dr, AMfred R, Frecly
AFOSR/NL, Bldg. u41r?
Folling AFR
Waskington, NC 20770

Dr. Genevieve H-oddad
Progrom lVanzrer

Life foionees Directorate
AFOSR

Rolling AFR, NC 20777

270N TCH™/TTGE “top 77
Sheppard AFP, TV TF71
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Marines

H. William Greenup
Education Advisor (E031)
Education Center, MCDEC
Quantico, VA 22174

Special Assistant for Marine
Corps Matters

Code 100M

0Office of Naval Research

800 N. Quincy St.

Arlington, VA 22217

PR. A.L. SLAFKOSKY

SCIENTIFIC ADVISOR (CODE RD-1)
HQ, U.S, MARTNE CORPS
WASHINGTCN, DC 20280

1

ConstGusard

Chief, Psychkologicsl Reserch Pronch
U. 8. Const Guard (G-P-1/2/TPU2)
Washington, DC 20KG™
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Other DoD

,‘ 12 Defense Technical Information Center

Ty

Cameron Station, Bldg 5
AMlexandria, VA 22214
Attn: TC

Military Assistant for Training and
Personnel Technology

Office of the Under Secretary of Def2nse

for PResearch & Fngineering
Room 2N120, The Pentapgon
Washington, DC 2n301

DARPA
1400 Wilson Rivd.
Arlington, VA 22200

Civil Govt

Dr. fusar Chipmnn

Learning and Povelopment
Notional Tnstituts of Fducation
120N 16th Street N
Vashington, DC 2n20°

Pr. John Mays

National Tnstitute of Fducation
1200 19th Street NY

Wnskington, DC 2N20°

Dr. Arthur Melmed

National Tntitute cf Fducation
1200 10th Street MW
Washington, NC 2020F

Dr. Andrew R, Molnar
Science Fducation Dov,

and Research
Nntione) Science Foundotion
Washington, NRC 208A/0

Dr. Joseph Psotko

Nationsl Tnstitute of FEducrtion
12C0 10th St, MU

Washington,br 2020°

Dr. Frank Withrow

U, S. Office of Fducition
400 Maryland Ave, Y
Washington, DC 20202

Dr. Joseph L. Young, Circctor
Memory % Cognitive Processes
Mational Teicnce Feoundation
Washington, DC 20K&0
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Non Govt

Dr. Erling R. Andersen
Department of Statistics
Studiestraede 6

1455 Copenhagen

DENMARK

Dr. John R, Anderson
Pepartment of Psychology
Carnegie Mellon University
Pittsburgh, PA 15212

Anderson, Thomas H., Ph.D.
Center for the Study of Reading
174 Children's Research Centear
51 Gerty Drive

Champiagn, TL 618720

Dr. John Annett
Department of Psychology
University of Warwick
Coventry CV4 TAL
ENGLAND

1 psychological research unit
Dept. of Defense (Army Office)
Campbell Park Offices .
Canberra ACT 2600, Australia

Dr. Alan Baddeley

Medical Research Council
Applied Psychology lmnit

16 Chaucer Road

Cambridge CR2 2EF

ENGLAND

Dr. Jonathan Earon

Dept. of Psychology
University of Pennsylvania
3812-15 Walnut St. T-3
Philadlphia, PA 16104

Mr Avron Barr

Department of Computer Science
Stanford University

Stanford, CA ol305

Non Govt

Lioaison Scientists

Office of Mavsl Fesearch,
Rranch Office , London

Fox 29 FPO Mew York 00510

Dr. Lyle Pourne
Pepartment of Psychology
University of Color:ido
Fouldcr, CM aN200

Dr. John S. BRrown

YEROY Palc Alto Rese~rch Center
2277 Coyote Road

Palo Alto, TA Q4PNY

Dr., BRruce Buchinan

Department of Computer fcience
Stanford University

Stanford, CA GU20S

DR. C. VICTOR PUNDERSON
WTCAT TV,

UMIVERSITY PLAZA, SUTTE 10
1160 SO. STATE ST.

OREM, UT 84057

Nr. Pat Carpenter
Department of Psychology
Carnegie-Mellon University
Pittsburgh, PA 18217

Dr, Jobkn P. ZCerrol?
Psychometric L:ub

Univ, of Mo. fCareolinn
Davie Hall D1°RA

Chepel Hill, MC 2751k

Dr. William Chise
Dep-rtment of Psychology
Cornegie Mellon lniversity
Pittsburgh, PA 165217

Dr. Micheline Chi
Learning R ¢+ D Center
University of Pittsbhburgh
2829 0'Hura Street
Pittsburgh, PP 15212
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NMon Govt

Dr. William Clencey

Department of Computer Scicnce
Stanford University

ftanford, CA QU305

Dr. Allan M, Collins
Bolt Berznek % Newman,
50 Moulton Street
Cambridge, Ma 02128

Inc.

Dr. Lynn A. Cooper

LRDC

University of Pittsburgh
3029 Q'Harz Street
Pittsburgh, PA 15212

Dr, Merecdith P. Crawford

American Psychological Association
120C 17th Street, N,W.

Washington, DC 20n26

Dr. Kenneth R, Cross
Anacape Sciences, Inc.
P.0. Drawer Q

Santa Rarbara, CA 03102

LCOL J. €. Eggenberger

DTRECTCRATE OF PERSOMMEL APPLTED RESEARC

NATTOMAL DEFENCE HO
101 COLONEL RY DRIVE
CTTAWA, CANADA K1A 0OK2

Dr. Ed Feigenboum

Depurtment of Computer Scicnce
Stanford tUniversity

ftanford, CA oU305

Pr. Richard L, Ferguson

The American College Testing Program
P.0. Box 168

Tows City, IA 52240

Mr. Wallace Feurzeig

Bolt Reranek & Newman, Tnc.
50 Moulton St,

Cambridge, MA 02127
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Mon Gevt

Dr. Victor Fiel

Dept.. of Psycholory

‘ontgomery Coll
Rockville, MD

Univ, Prof., Dr.
Liebiggesse 5/7
A 1C10 Vienna
AUSTRIA

Dr. John R, Frederilsen

Rolt Berancl %

50 Youlton Street
Cambridge, MA D217F

Dr.
Department of P

Fdmonton, Alber
CAMNADA TAG 2EC

DR. ROBFRT GLASER

LRDC

UNTYERSTTY OF PITTSRURGH e
2029 O'HARA STREFT

PTTTSRURGY, PA

Dr.
217 3tonr H=21]

Cornell Univers
Tthace,

Dr. Daniel Gopher
Managemont

Tndustrial &
Technion~-Tsrac!
Haifx

TSREFL

DR. JAMES G,
LRNC

UNTVERSTTY OF PTTTSRURGH
2070 N'PAPA STREFT

PTTTSRURGH, PA

Dr.

Minda Friedman
syctology
University of Albert:

Marvin D, Glock
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Non Govt

Dr., Herold Hawkins
Department of Psycholony
University of Cregon
Fugene OR 97407

Dr. Barbsra Hayes-Roth
The Rand Corporation
1700 Majin Street

Santa Monica, CA OQUNA

Dr. Frederick Heyes~Roth
The Rand Corporation
1700 Main Street

fanta Monica, CA  OOUDER

Dr. James R. Hoffman
Department of Psycholegy
University of Delauvarre
Newark, DE 12711

Dr. ¥ristina Hooper
Clark Kerr Hal?
University of California
Sfanta Cruz, CA G500

Glenda Greenwsld, Ed.

"Humoan Intelligence MNewsletter®
P. N, Dox 1162

Rirmingham, MT 42012

Dr. Farl Hunt

Dept. of Psycholozy
University of Vashington
Seattle, WA 02105

Dr. Fd Rutchins
Navy Personnel R&D Center
San Niego, CA 02152

Dr. Greg Kearsley

HumRRO

300 N. Washington Street
Alexandria, VA 22314

Dr. Steven W, Keele
Dept.. of Psychology
University of ¢ egon
Eugene, OR CT7H0R

Yon Covt

Dr, HUalter Kintseh
Pepartment of Psychrolopy
University of Colorado
Roulder, CO 207ND

Dr. David Kier:ss
Nepzrtment. of Psyechology
University of frizon-
Tuscon, A7 05771

Dr, Stephen Kosslyn
Harvzrd University
Nepartment of Psychology
27 Kirklond Streot
Cambridge, MA 02170

Dr. Marcy Lansman

Pepartmen* of Psychology, "' 7%
University of Washington
Seattle, WA 0GR10R

Dr, Jill Larkin .
Department. of Psycholog
Carnegic Mellon University
Pjttsburgh, PA 1R271°

Dr. AlPn Lesgold
Lesrning R%D Center
University of Pittisbhurgt
Pittsburgh, PA 1826D

Dr. Michael Lrovine

Pepsrtment of Fduczticnal Psycholeqy
210 Educeation Rldg.

thiversity of T1linonis

Champaign, TL F1801

NDr. Robart* Linn
College of Fdurotion
Iniversity of Tllincis
Urbanz, TL 613M

Dr. Frik MeVillioms

Science Fducation Tev, and Researceh
National Science Foundation
Washington, DC 205360
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Non Govt

Dr. Mark Miller

TT Computer Science Lab

C/0 2824 Winterplace Cirecle
Plano, TX 7507%

Dr. Allen Munro

Behaviorasl Technology Laboratoriecs
1845 Elena Ave., Fourth Floor
Redondo Beach, CA 90277

Dr, Donald A Norman

Dept. of Psychology C-000
Univ., of California, San Diego
La Jolla, CA 092092

Committee on Human Factors
JH 811

2101 Constitution Ave, NW
Washington, DC 20418

Dr. Jesse Orlansky

Institute for Defense Anclyses
400 Army Mavy Drive

Arlington, VA 22202

Dr. Seymour A. Papert

Massachusetts Tnstitute of Techrnology

Artificial Tntelligence Lab
545 Technology Square
Cambridge, MA 02129

Dr. James A. Paulson
Portland State University
P.0. Box 751

Portland, OR Q7207

Dr, James W. Pellegrino

University of California,
Sants Barbara

Dept. of Psychology

Sants Parzbars, CA 92106

MR. LUTGI PETRULLO
2L21 N, EDGEWOOD STRFET
ARLTNGTON, VA 22207

Non Govt

Dr. Richard4 M. Pollnk
Director, Specinl Projerts

Minnesota Fducational Computing Consorti

2520 Proadwsy Drive
St. Paul, MM R5117

Dr. Martha Polson
Department of Psyclolosy
Czmpus Rox 346
University of Cnoler-de
Pomlder, O  £C0C

DR. PETFR POLSON
DEPT. OF PSYCHOLNGY
UNTVERSTTY OF CCLNRADO
POULDER, CC 27700

Dr, Steven E. Poltrock
Pepartment of Psychoony
University of Denver
Denver ,C0 2n20Q

Dr. Mike Posner
Department. of Psyachology
University of Cregon
Fugene OR Q7402

MINRAT M, L, RAUCH

P IT U

RUNDESHTNTSTERIUM NFR VERTFTDTAING
PASTFACH 1293

D-52 ROMM 1, GERMAMY

fir, Fred Reif

SESAME

¢/0 Physics DMaepartment
University of Cnavifornic
Berkrly, CA Q472N

Dr. Lauron Resnick

LRIC

University of Pittshurgh
2070 O'{are Strcet
Pittsburgh, PA 1521°
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Non Govt

Mary Riley

LRDC

University of Pittsburgh
2030 Q'Hara Street
Pittsburgh, PA 15212

Dr. Andrew M. Rose

American Institutes for Research
1055 Thomas Jefferson St. KW
Washington, DC 20007

Dr. Frnst Z. Rothkopf
Rell Laboratories

ADC Mountain Avenue
Murray Hill, NJ 07074

Dr. David Rumelhart

Univ, of California, San Diego
Lz Jolla, CA 92093

DR. WALTER SCHMETDER
DEPT. OF PSYCHOLOGY
UNIVERSITY OF ILLTNOIS
CHAMPAIGN, IL 61820

Dr. Alan Schoenfeld
Department of Mathem=ztics
Hamilton College

Clinton, MY 12727

DR. ROBERT J. SEIDEL

TNSTRUCTIONAL TECHNOLOGY GROUP
HUMRRO

300 N, WASHINGTOM ST.

ALEYANDRTA, VA 2231M

Committee on Cognitive Research
% Dr. Lonnie R. Sherrod

Social Science Research Council
£05 Third Avenue

New York, NY 10016

Dr. Alexander W. Siegel
Department of Psychology
SR-1

University of ¥uston
Houston, TX 7/0CU

Center for Human Information Processing

Non Govt

Robhert. S, Siepler
Associste Professor
Cirnegic-Mellon University
Department. of Psychology
Schenley Parl

Pittsburgh, P2 15217

Nr, Fdward E. Smithb

Bolt Beranek & Newmon, Tne.
AN Moulton ftreet
Cambridge, MA 0217°°

Dr, Robert Smith

Nepartment of Computer Sciennc
Rutgers University

New Prunswick, NJ Cron?

Dr. Richard Snow:

School of Fduceation
Stanford University
Stanford, Cpr OURQE

Dr. Robert Sternbers
Dept. of Psycholory
Yale University

Box 11A, Yalc Stationn
New Haven, CT 06820

DR. ALBERT STFVENS

BOLT BERAMNEK & NFWHAN, TNC,
50 MOULTON STREET
CAMPRIDGE, MA 02177

Dr. Thomas G, Sticht

Director, Pasic illc Division
HUMRRC

°00 M, Washington "trect
Mexandria,VA 2221"

David E. ftone, Ph.D,
Hazeltire Corporction
7620 01d Springhouse Rord
McLean, VA 22702

DR. PATRTC¥ SUPPE"

TNRTITUTE FCR MATHFUMATYCAL “THRTES ™
THE SCCTAL SCTYENCES

STANFCAN UMTVERSTTY

STANFORD, CA cu=ns
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Non Govt

] 1 Dr. Kikumi Tatsuoka

Computer Based Education Research
Laboratory

252 Engineering Research Laboratory

University of Tllinois

Urbana, IL 61201

Dr. John Thomas

IBM Thomas J. Watson Research Center
P.0. Box 218

Yorktown Heights, NY 10598

DR. PERRY THORNDYKE

THE RAND CORPORATION
1700 MAIN STREFT

SANTA MONICA, CA 00406

Dr. Douglas Towne

Univ, of So. California
Behavioral Technology L=zbs
1845 S, Elena fve.

Redondo Reach, CA 90277

Dr. J. Uhlaner R
Perceptronics, Tnc.

6271 Variel Avenue )
Woodland Hills, CA 913f4

DR. GERSHON WELTMAN »
PERCEPTRONICS 1INC. .!
p 6271 VARIEL AVE,

1 WOODLAND HTLLS, CA 91767

-1 Dr. Keith T. Wescourt
Information Sciences Dept.
The Rand Corporation o
p- 1700 Main St.

Santa Monica, CA 9040A
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1 DR. SUSAN E. WHITELY
PSYCHCLOGY DEFPARTMENT 1
b UNIVERSITY OF KANSAS hd







